Introduction {#S0001}
============

Esophageal cancer is one of the most aggressive cancers in the world and the sixth leading cause of cancer-related deaths.[@CIT0001] Histologically, the most common subtype of this cancer, ESCC, has a distinct geographic distribution variation with Asia having the highest incidence area.[@CIT0001],[@CIT0002] Once diagnosed, most ESCC patients have progressed to a late stage or metastasis, and the overall 5-year survival rate of ESCC patients is lower than 10%. Although findings from molecular biology studies have increased our general understanding of the pathogenesis of ESCC, the mechanism of ESCC metastasis and ideal biomarkers for clinical prognosis have not yet been fullyillustrated.[@CIT0001],[@CIT0003] Therefore, identifying the mechanism metastasis of ESCC will be crucial to improve the survival rate of ESCC patients.

Epithelial--mesenchymal transition (EMT) was an important molecular mechanism that promotes the metastasis of cancers.[@CIT0004],[@CIT0005] When EMT occurred in tumor cells, the intercellular junction disappeared and the morphology of cells changed from round shape to spindle. In the mean time, epithelial cell markers were down-regulated, and mesenchymal cell markers were up-regulated. During EMT, the migratory and invasive ability of tumor cells was significantly enhanced, leading to tumor metastasis.[@CIT0006] BRMS1L was first reported as a component in the histone deacetylase (HDAC)complex.[@CIT0007] Gong et al[@CIT0008] found that BRMS1L could mediate the directed recruitment of HDAC complexes into the promoter of FZD10, resulting in decreased levels of histone acetylation such as H3K9 in the FZD10 promoter region and inhibition of FZD10 expression. In breast cancer cells and tissues with highly metastatic potential, BRMS1L expression was significantly down-regulated, resulting in increased expression of FZD10 and promotion of breast cancer cell metastasis.

Integrins were transmembrane cell surface receptors composed of 18 α subunits and 8 β subunits.[@CIT0009] Integrins directly bound to components of the extracellular matrix (ECM) and provided the traction needed for cell movement and invasion. Studies have shown that the expression of integrin abnormalities was a hallmark of tumorigenesis and development.[@CIT0010] Abnormal expression of integrin allowed tumor cells to acquire migratory and invasive ability, alter intracellular signal transduction, and survive in other micro environments without triggering internal apoptosis mechanisms.[@CIT0011] Moreover, the abnormal expression of integrin could also lead to the occurrence of drug resistance in tumor cells.[@CIT0012] Integrin a7 (ITGA7) was a receptor for the ECM protein laminin and formed a heterodimer with integrin β1. Studies have shown ITGA7 was abnormally expressed in invasive gliomas and acted as a key functional receptor for GSC via activating AKT.[@CIT0013] Besides, Li et al[@CIT0014] found that circITGA7 inhibited proliferation and metastasis of CRC cells by inhibiting the Ras signaling pathway and promoting transcription of ITGA7, suggesting that circITGA7 was a potential target for CRC. In-depth study of integrin would help us reveal the molecular mechanism of tumor metastasis and provide new ideas for the clinical treatment of tumors.

In this study, we explored the role of BRMS1L in the progression of ESCC and demonstrated the mechanism of BRMS1L affecting ESCC metastasis. We further elucidated that BRMS1L suppressed ESCC metastasis via suppression of the ITGA7 expression and was transcriptionally regulated by CBP/P300.

Materials and Methods {#S0002}
=====================

Cell Culture {#S0002-S2001}
------------

The human ESCC cell lines (TE-1D, KYSE-180, KYSE-520, ECA-109) were purchased from Shanghai Institute of Biochemistry and Cell Biology (Shanghai, China). The use of 293T cells gifted from Dr. Kang was approved by the research ethics committee of The Third Hospital, Nanchang university. All the cells were cultured in DMEM medium containing 10% fetal bovine serum (FBS) in the incubator with 5% CO~2~ at 37°C.

Plasmid Constructs {#S0002-S2002}
------------------

The promoter sequences of BRMS1L and ITGA7 were cloned into the PGL3-Basic vector for luciferase experiments. The full-length sequences of BRMS1L, CBP, P300 in frame with an HA tag in the N-terminal were inserted into the pcDNA3.1 vector to obtain the overexpression plasmid. The siRNA sequences of BRMS1L, ITGA7, CBP, P300 purchased from GenePharma Co. Ltd. (Suzhou, China). The oligonucleotide sequences targeting the above listed genes were listed in [Table 1](#T0001){ref-type="table"}.Table 1Primer Sequences Used in This ArticleGeneSequenceBRMS1L-1GAAGACTGGACAACAATTABRMS1L-2GTGCTGTAATTACAACAATITGA7CCCAGGAACCTATAATTGGCBP:CGGCACAGCCTCTCAGTCA, GGAGCCATCTAGTGCATAA, GGAACTAGAACAAGAAGAA.p300:GCACGAACTAGGAAAGAAA, CGACTTACCAGATGAATTA, GCACAAATGTCTAGTTCTT;BRMS1L-F5′-AGTGAAAACGGAACCACCTG-3′BRMS1L-R5′- CCATCAGGCCTCTTAAACCA-3′β-Actin-f5′-GCCCTGGCACCCAGCACAAT-3′β-Actin-R5′-GGAGGGGCCGGACTCGTCAT-3′E-cadherin-f5′- CCCACCACGTACAAGGGTCAGGT −3′E-cadherin -R5′-ACGCTGGGGTATTGGGGGCA−3′N-cadherin-f5′- TCCACGCCGAGCCCCAGTAT −3′N-cadherin-R5′- TCAGCCGCTTTAAGGCCCTCAT −3′Snail-F5ʹ-CGCGCTCTTTCCTCGTCAG-3'Snail-R5ʹ-TCCCAGATGAGCATTGGCAG-3'Slug-F5ʹ-CTGGGCTGGCCAAACATAAG-3'Slug-R5ʹ-CCTTGTCACAGTATTTACAGCTGAAAG-3'ITGA7-F5′- CTGACTCCATGTTCGGGATCA −3′ITGA7-R5′- CACCTGTGAAGGTTTGGCG −3′CDH23-F5′- CCGGCTGCCCTTCTTCACCAACCA −3′CDH23-R5′- ACGATACCGCGGGCGCTGTCAATG −3′KIF26B-F5′- GCGTCGGTGGAACCTTTAGA −3′KIF26B-R5′- TCACCCCGTATTTCTTGCCC −3′SULF2-F5′- GGCAGGTTTCAGAGGGACC −3′SULF2-R5′- GAAGGCGTTGATGAAGTGCG −3′FOXC2-F5′- CCGAGAAGA AGATCACCTTGAA −3′FOXC2-R5′- GACAC GTCCTTCTTTTTGAAGC −3′

Transwell Assay {#S0002-S2003}
---------------

10^5^cells with serum-free DMEM medium were added to the top chamber of each well and 500 uL of DMEM containing 10% FBS was added to the bottom chamber. To assess cell invasion, 10^5^ cells per chamber were added to the upper chamber coated matrigel. After 24 hrs of incubation, the unfiltered cells were removed with a cotton swab. Then, the filtered cells in the bottom of the membrane of top chamber were fixed with 4% paraformaldehyde, stained with 0.1% crystal violet solution, and counted under a microscope.

Cell Adhesion Assay {#S0002-S2004}
-------------------

Cells were seeded to 24-well plates coated with matrigel-coated wells and incubated for 1 hr. Then, the wells were washed with PBS to remove the non-adherent cells, and the adherent cells were fixed, stained, and counted under a microscope.

Wound Healing Assays {#S0002-S2005}
--------------------

The acellular area created by a 200-µL pipette tip, and the cells were cultured for 24 hrs. The progression of migration was observed and photographed at 0, 12, and 24 hrs after scratching.

QuantitativeReal-Time PCR(qRT-PCR) {#S0002-S2006}
----------------------------------

Total RNA was extracted with TRIzol reagent (Invitrogen, USA) according to the manufacturer's instructions. cDNA was synthesized with PrimeScript™ RT reagent Kit with gDNA Eraser (TaKaRa, Kusatsu, Japan). Real-timePCR was performed with CFX Connect Real-time PCR system (BioRad) using SYBR Premix Ex Taq kit (TaKaRa). The above listed primers are listed in [Table 1](#T0001){ref-type="table"}.

Western Blot Analysis {#S0002-S2007}
---------------------

The procedure was conducted as previously described.[@CIT0008] The cells were washed three times with PBS and lysed in RIPA buffer with protease inhibitor on ice for 30 mins. The total protein extracts were separated by 10% SDS-PAGE,transferred to a PVDF membrane (Millipore, Bedford, MA, USA) and incubated overnight at 4°C with the corresponding antibody. Peroxidase conjugated secondary antibodies (anti-mouseand anti-rabbit) were used at room temperature for 1 hr, and then developed using an ECL Western Blotting Substrate.

Luciferase Assay {#S0002-S2008}
----------------

The promoter sequence of ITGA7 and BRMS1L were constructed into PGL3-Basicplasmids. The promoters and overexpression plasmids or siRNAs were co-transfected into 293T cells using Lipofectamine 2000 (Invitrogen), and pRL-TK vector (Promega) served as an internal control. A dual luciferase assay (Promega, USA) was performed 24 h after transfection.

Statistical Analysis {#S0002-S2009}
--------------------

All of statistical analyses were performed using SPSS 22.0 software and GraphPad Prism 8.0. The p-values were calculated using a one-way analysis of variance (ANOVA). The P values \<0.05 were considered to be statistically significant.

Results {#S0003}
=======

Knockdown of BRMS1L Promoted the Migration and Invasion of ESCC {#S0003-S2001}
---------------------------------------------------------------

To investigate the role of BRMS1L in ESCC, we firstly examined the mRNA level of BRMS1L in ESCC cells (TE-1D, KYSE-180, KYSE-520, ECA-109) by qRT-PCR ([Figure 1A](#F0001){ref-type="fig"}). According to the differential expression level of BRMS1L in ESCC cells, we transfected BRMS1L siRNAs into TE-1D cells with higher endogenous BRMS1L level and the efficient knockdown of BRMS1L were validated by qRT-PCR([Figure 1B](#F0001){ref-type="fig"}). Wound healing assay showed that silence of BRMS1L increased the healing ability in the scratched area of TE-1D cells ([Figure 1C](#F0001){ref-type="fig"}). Besides, silence of BRMS1L increased the migratory and invasive ability of TE-1D cells evaluated by transwell assay ([Figure 1D](#F0001){ref-type="fig"} and [E](#F0001){ref-type="fig"}). Finally, adhesion assay showed that knockdown of BRMS1L increased cell adhesion of ESCC cells ([Figure 1F](#F0001){ref-type="fig"}). Altogether, these results indicated that knockdown of BRMS1L improved the metastatic potential of ESCC cells.Figure 1Knockdown of BRMS1L improved the migration, invasion, and adhesion of ESCC. (**A** and **B**) qPCR detected the expression of BRMS1L in ESCC and silence efficiency in TE-1D. (**C**) Wound healing assay evaluated the migration of TE-1D cells upon silence of BRMS1L. (**D** and **E**) silence of BRMS1L improved the migration and invasion of TE-1D cells determined by transwell assay. (**F**) Silence of BRMS1L increased the adhesive ability of TE-1D cells. n=3, \*\*P \< 0.01, \*\*\*P \< 0.001, compared to NC.

BRMS1L Regulated the Migration and Invasion of ESCC via EMT Process {#S0003-S2002}
-------------------------------------------------------------------

To further confirm the functional role of BRMS1L in ESCC, we performed a gain-of-function assay by transfecting HA-tagged BRMS1L into ECA-109 cells ([Figure 2A](#F0002){ref-type="fig"}). Contrary to knockdown of BRMS1L, overexpression of BRMS1L reduced the motility of ESCC cells evaluated by wound healing assay ([Figure 2B](#F0002){ref-type="fig"}). Besides, transwell assay results showed that overexpression of BRMS1L repressed the migration and invasion of ECA-109 cells ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). Finally, adhesion assay showed that transfection of BRMS1L reduced the adhesive ability of ECA-109 cells ([Figure 2E](#F0002){ref-type="fig"}). EMT was an important molecular mechanism that correlated with the improvement of the metastatic capacity of tumorcells.[@CIT0004],[@CIT0005] We hence examined whether modulation of BRMS1L influenced the EMT of ESCC cells. Indeed, silence of BRMS1L increased N-cadherin, Snail and Slug mRNA level and decreased E-cadherin mRNA level ([Figure 2F](#F0002){ref-type="fig"}) in TE-1D cells. On the contrary, overexpression of BRMS1L obviously upregulated E-cadherin and downregulated N-cadherin, Snail and Slug ([Figure 2G](#F0002){ref-type="fig"}) in ECA-109 cells. These results indicated that BRMS1L regulated the EMT of ESCC cells.Figure 2BRMS1L regulated the migration and invasion of ESCC via EMT process. (**A**) Western blot detected BRMS1L overexpressing in ECA-109 ESCC cells. (**B**) Overexpression of BRMS1L suppressed the migration of ECA-109 cells detected by wound healing assay. (**C** and **D**) Overexpression of BRMS1L suppressed the migration and invasion of ECA-109 cells determined by transwell assay. (**E**) Overexpression of BRMS1L repressed the adhesive ability of ECA-109 cells. (**F**) Silence of BRMS1L modulated the mRNA level of E-cadherin, N-cadherin, Snail, and Slug in TE-1D cells. (**G**) Overexpression of BRMS1L modulated the mRNA level of E-cadherin, N-cadherin, Snail, and Slug in ECA-109 cells. n=3, \*P \< 0.05, \*\*P \< 0.01, compared to Vector.

BRMS1L Affected the Migration and Invasion of ESCC via Transcriptionally Suppressing ITGA7 Expression {#S0003-S2003}
-----------------------------------------------------------------------------------------------------

To explore the potential mechanisms by which BRMS1L repressed the migration, invasion, and EMT of ESCC cells, we analyzed the previous mRNA array results for differentially expressed genes related to the metastasis of cancercells.[@CIT0008] We selected SULF2, FOXC2, CDH23, KIF26B, and ITGA7 for examination using qRT-PCR.Among them, ITGA7 was the most prominently downregulated gene upon BRMS1L knockdown ([Figure 3A](#F0003){ref-type="fig"}). ITGA7was a marker of tumorigenesis and development, and upregulated ITGA7 increased the migratory and invasive ability of cancer cells. We hence focused on ITGA7 for further study. Western blot results showed that silence of BRMS1L increased the ITGA7 protein level ([Figure 3B](#F0003){ref-type="fig"}). On the contrary, overexpression of BRMS1L suppressed ITGA7 expression in protein level ([Figure 3C](#F0003){ref-type="fig"}). To further determine whether BRMS1L directly suppressed the transcription of ITGA7, we performed a luciferase reporter assay. A DNA fragment between −2000 and +200 relative to ITGA7 transcription start site (TSS) was amplified and inserted into a pGL3-Basicplasmid to obtain ITGA7 promoter reporter vector. Knockdown or overexpression of BRMS1L enhanced or reduced the luciferase activity of pGL3-ITGA7,respectively ([Figure 3D](#F0003){ref-type="fig"}), indicating that BRMS1L directly repressed the transcriptional activity of ITGA7 promoter. Since ITGA7 was a direct transcriptional target of BRMS1L, we explored whether ITGA7 mediated BRMS1L-exerted suppression of migration and invasion on ESCC cells. The rescue experiments showed that silence of ITGA7 ([Figure 3E](#F0003){ref-type="fig"}) could reverse the si-BRMS1Lexerted migratory and invasive promoting ability of ESCC cells ([Figure 3F](#F0003){ref-type="fig"}--[H](#F0003){ref-type="fig"}). Consistently, silence of ITGA7 also rescued BRMS1L silence exerted mRNA alterations of EMT marker ([Figure 3I](#F0003){ref-type="fig"}).Figure 3BRMS1L affected the migration and invasion of ESCC via transcriptionally suppressing ITGA7 expression. (A and B) Silence of BRMS1L reduced ITGA7 expression in mRNA and protein levels. (**C**) Overexpression of BRMS1L increased ITGA7 expression in protein levels. (**D**) Luciferase reporter assay showed that silence of BRMS1L increased ITGA7 promoter activity and overexpression of BRMS1L reduced ITGA7 promoter activity. (**E**) ITGA7 siRNA effectively knockdowned ITGA7 mRNA level in TE-1D cells. (**F**--**H**) TE-1D cells were transfected indicated siRNAs for 48 hrs and subjected to wound healing assay (**F**), migration assay (**G**) and invasion assay (**H**). (**I**) TE-1D cells were transfected with indicated siRNAs and EMT markers E-Cadherin, N-Cadherin, Snail and Slug mRNA level were examined. n=3, \*P \< 0.05, \*\*P \< 0.01, compared to NC/Vector.

The Expression of BRMS1L Was Regulated by Transcription of CBP/P300 {#S0003-S2004}
-------------------------------------------------------------------

To explore the potential mechanisms by which BRMS1L was downregulated in ESCC cancer, we performed the bioinformatics analysis of the ENCODE project ([<https://www.encodeproject.org/>]{.ul}), which showed that the promoter region of BRMS1L was enriched of many histone modification signals, such as H3K4Me3, and H3K27Ac signals. Furthermore, high-through ChIP-seqdata (UCSC) showed that p300 was enriched in the BRMS1L promoter. Therefore, we hypothesized that CBP/P300 might activate BRMS1L transcription as co-activators in ESCC.

To confirm our hypothesis, we knockdowned CBP and P300 expression using siRNAs-pool containing three different siRNAs ([Figure 4A](#F0004){ref-type="fig"}). The qRT-PCR results showed that both silencing CBP and P300 reduced BRMS1L expression ([Figure 4B](#F0004){ref-type="fig"}). Conversely, overexpression of CBP and P300 ([Figure 4C](#F0004){ref-type="fig"}) increased BRMS1L expression ([Figure 4D](#F0004){ref-type="fig"} and [E](#F0004){ref-type="fig"}). Then, we employed luciferase assay to investigate whether CBP and P300 could activate the transcriptional activity of BRMS1L promoter. Consistent with the qRT-PCR results above, knockdown or overexpression of CBP/P300 significantly decreased or increased the luciferase activity of pGL3-BRMS1L,respectively ([Figure 4F](#F0004){ref-type="fig"} and [G](#F0004){ref-type="fig"}). Most importantly, based on the public database ([<http://gepia.cancer-pku.cn/>]{.ul}), CBP and p300 expression levels were positively correlated with BRMS1L in ESCC samples ([Figure 4H](#F0004){ref-type="fig"} and [I](#F0004){ref-type="fig"}). The above results suggested that CBP/P300 regulated the transcription of BRMS1L and might be responsible for the downregulation of BRMS1L in ESCC cells.Figure 4The expression of BRMS1L was regulated by transcription of CBP/p300. (A) CBP/p300 siRNAs were transfected into TE-1D cells and the effective silence of CBP/p300 was determined by qRT-PCR.(**B** and **C**) Overexpression of CBP/p300 in ECA-109 was evaluated by qRT-PCRand Western blot. (**D**) silence of CBP/p300 reduced BRMS1L expression level. (**E**) Overexpression of CBP/p300 increased BRMS1L expression level. (**F** and **G**) Modulation of CBP/p300 influenced BRMS1L promoter activity determined by luciferase reporter assay. (**H** and **I**) The correlation between BRMS1L and CBP/p300 mRNA levels were evaluated using the public database. n=3, \*\*P \< 0.01, \*\*\*P \< 0.001, compared to NC/Vector.

Discussion {#S0004}
==========

The global incidence and mortality of ESCC are 8th and 6th, respectively.[@CIT0001],[@CIT0015] With the development of diagnosis and treatment, the five-year survival rate of patients with ESCC has been significantly improved. But the mortality rate of patients with metastasis was still very high, mainly because the mechanism of cancer metastasis was not completely demonstrated yet. Therefore, elucidating the mechanism of metastasis was important to reduce cancer-associated deaths of ESCCpatients.[@CIT0016],[@CIT0017]

Accumulating evidence has shown that many metastasis-related genes were capable of participating in regulating many processes of cancer metastasis, including migration, invasion, lymph node metastasis, and distant organcolonization.[@CIT0018] For example, BRMS1 was shown to be closely related to metastasis suppression, which was a core component of the Sin3/HDAC complex. Interestingly, BRMS1 and BRMS1L were both important components of the Sin3A complex. Furthermore, BRMS1L shared homology with the yeast and mammalian Sds3 proteins as BRMS1, raising the possibility that they might serve similar functions. Downregulation of BRMS1 was closely related to metastasis of breast cancer,[@CIT0019] lung cancer,[@CIT0020] melanoma,[@CIT0020] and glioma.[@CIT0021] Compared with BRMS1, the function of BRMS1L in cancer development was little known. Our previous study[@CIT0008] revealed that BRMS1L inhibited the migratory and invasive ability of breast cancer cell via EMT process. Besides, BRMS1L mediated the directed accumulation of HDAC complexes into the promoter of FZD10, resulting in decreased levels of histone acetylation such as H3K9 in the FZD10 promoter region and inhibition of FZD10 expression. Some recent studies have found that BRMS1L was a novel target of p53 and might be a promising prognostic marker for breast cancer and glioma.[@CIT0022],[@CIT0023] And in epithelial ovarian cancer (EOC), BRMS1L regulated migration and invasion of EOC cells via Wnt/β-catenin signalpathway.[@CIT0024] In this study, we found that BRMS1L repressed ESCC metastasis via suppressing of the ITGA7 expression and BRMS1L itself was transcriptionally regulated by CBP/P300.

Different members of the integrin family played different roles in the tumor and performed different functions. Haas et al found that silence of ITGA7 inhibited growth and survival of glioblastoma stem cells (GSC) and was a potential therapeutic avenue and functional marker for glioblastoma.[@CIT0013] Ming et al found that ITGA7 was a functional surface marker in the cancer stem cells of ESCC. Functional studies have shown that ITGA7^+^and ITGA7 overexpressing cells exhibited enhanced stem cell characteristics, including increased expression of stemness-associated genes and induction of EMT characteristics, significantly promoting cell migration, invasion, and anti-chemotherapy capabilities.[@CIT0025] In this study, we demonstrated that BRMS1L suppressed ESCC metastasis via suppressing of the ITGA7 expression. Consistent with previously mentioned, our results showed that silence of BRMS1L reversed the increased invasive, and migratory ability of ESCC cells mediated by ITGA7 silencing.

CBP and p300 have a high sequence similarity and are often referred to as CBP/p300.[@CIT0026] As an important macromolecular protein in lysine acetyltransferases (KATs), p300 was involved in the transcriptional activation of multiple genes. Previous reports showed that p300 was capable of acetylating H3K14, H3K18, H4K12 and regulating the transcription of a series of genes.[@CIT0027] Liang et al revealed that CBP/P300 was capable of binging to linc00460 promoter by transcriptional co-activator through histone acetylation.[@CIT0028] Besides, researchers found that the expression of lncRNA HULC was upregulated by CREB via binding to the core promoter ofHULC,[@CIT0029] whereas CBP/P300 could interact with CREB directly. In our study, we revealed that CBP/P300 bound to BRMS1L promoter and transcriptional activated BRMS1L. CBP/p300 could also transcriptionally regulate many key tumor-associated proteins, such as NF-κB, β-catenin, myc, and p53.[@CIT0030],[@CIT0031] Thus, we might think that the above tumor-associatedproteins alteration lead to abnormal gene expression such as BRMS1L through CBP/P300 function, resulting in a differential expression of BRMS1L in ESCC with different metastatic potentials.

In summary, we demonstrated the mechanism of BRMS1L affecting ESCC metastasis. We further elucidated that BRMS1L suppressed ESCC metastasis via suppressing of the ITGA7 expression and was regulated by the transcription of CBP/P300.
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